ABSTRACT Cell-free translation of human poly(A)+ RNA was carried out to generate and analyze the protein constituents of small nuclear ribonucleoprotein (snRNP) particles. The snRNP proteins were identified by immunoprecipitation with sera from patients with systemic lupus erythematosus. Size fractionation of mRNA prior to translation revealed that these snRNP proteins are all encoded by separate messages. One of the proteins (the A protein, molecular weight 32,000) was seen to lose antigenicity upon RNase treatment either when extracted from cells or when generated in vitro. RNase treatment of immunoprecipitated snRNPs released the A protein in an electrophoretically pure form. Analysis of snRNPs translated in vitro revealed the presence of unassembled and assembled particles as determined by sucrose density gradient sedimentation. Post-translational assembly of snRNPs involving both RNA-protein binding (as revealed by A protein antigenicity) and associations of other snRNP proteins occurred in the in vitro system employed here. In addition, the presence of unassembled snRNP proteins permitted the determination of the precise antigen peptides recognized by Sm and RNP autoimmune sera. It was observed that Sm sera are capable of recognizing each of the eight snRNP proteins, whereas RNP sera recognize only two of the eight.
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Soluble nuclear antigens that are reactive with antibodies in the sera of patients with systemic lupus erythematosus (SLE) were described in 1966 (1) . Aside from their interest as clinical markers for rheumatic diseases (2, 3) , these antigens have received considerable recent attention after the suggestions (4, 5) that they may be involved in RNA splicing. These antigens are composed of the U series small nuclear RNAs complexed with proteins and have come to be called small nuclear ribonucleoproteins (snRNPs).
Although considerable insights have been gained from studies of the RNA constituents of snRNPs (6) (7) (8) (9) , much less is known about snRNP proteins and their interactions with RNA. This laboratory (10) and others (4, 9, 11) have described the immunoprecipitation with SLE sera of eight proteins believed to be the protein constituents of snRNPs. These proteins range in molecular weight between 9,000 and 32,000. Biochemical relationships among the proteins (such as precursor-product) as well as mechanisms of particle assembly remain uncertain. Antibodies used to identify snRNPs are generally derived from SLE patients with either the Sm or RNP serologies. While distinguishable sets of small nuclear RNAs are precipitated by these sera (4), corresponding and consistent differences in snRNP peptide recognition have not been demonstrated by immunoprecipitation of native snRNPs. The use of immunoblots has revealed reactivity of several of the peptides with SLE sera (10, 12, 13) ; however, the detergent denaturation may interfere with antibody recognition of the native snRNP components. Studies from this laboratory using mild detergent treatment have revealed several unique reactivities of Sm and RNP sera (10) . To circumvent the need of dissociating snRNP proteins from intact particles, cell-free translation of snRNP proteins has been employed to examine relationships of the proteins and their associated RNA. By using this source of snRNP proteins, in vitro assembly of snRNP particles has been demonstrated and characteristic differences in the patterns of peptide recognition by Sm and RNP sera have been determined.* MATERIALS AND METHODS -Sera and Cell Cultures. Sm and RNP serological determinations were carried out by the passive hemagglutination assay as described by Tan and Peebles (15) and by an enzyme-linked immunosorbent assay (ELISA) developed in our laboratory (unpublished data). The human myeloid cell line K562 was grown in RPMI 1640 medium (M. A. Bioproducts, Walkersville, MD) supplemented with 10% fetal bovine serum (GIBCO), 2 mM glutamine, and antibiotics. Extended cell labeling (using [3S]-methionine), extraction, and immunoprecipitation were carried out as described (10) .
Cell-Free Translation and Gel Analysis. RNA for translation was prepared from K562 cells by using the perchlorate extraction procedure of Lizardi and Engelberg (16) . Poly(A)+ RNA was selected with oligo(dT)-cellulose (Collaborative Research, Waltham, MA) (17) . Wheat germ was purchased from a local health food store, and an extract was prepared and used in translation reactions (18) . Translation products were immunoprecipitated by adjusting the translation mixture to 1% Triton X-100/0. (20) prior to autoradiography.
Abbreviations: SLE, systemic lupus erythematosus; snRNP, small nuclear ribonucleoprotein; ELISA, enzyme-linked immunosorbent assay. * A preliminary report of a portion of these findings has been presented (14) .
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Sucrose Gradient Analysis. Poly(A)+ RNA was fractionated on 10-30% (wt/vol) sucrose gradients in 0.5% NaDodSO4/10 mM NaCl/5 mM Tris-HCI, pH 7.4/0.1 mM EDTA. Sixty micrograms of poly(A)+ RNA in the same buffer was heated to 85°C for 2 min, cooled in an ice bath, and centrifuged in a Beckman SW 40 rotor for 12 hr at 38,000 rpm, at 20°C. Gradients were fractionated with an automated fractionator (model 185, Instrumentation Specialities, Lincoln, NE) and fractions were twice precipitated with ethanol and translated as above. Gradient analysis of translation products was carried out on 5-20% (wt/vol) sucrose gradients in 130 mM potassium acetate/3.6 mM dithiothreitol/3 mM magnesium acetate/16 mM Hepes, pH 7.5/80 ,uM spermine. Translation products were loaded onto gradients, which were centrifuged at 4°C in a Beckman SW 50.1 rotor at 46,000 rpm for 15.5 hr. Standards were RNase A (2S), bovine serum albumin (4.5S), IgG (7S), and catalase (llS). After fractionation, samples were immunoprecipitated and processed for gel electrophoresis. Additional experiments have shown NaDod-S04/polyacrylamide gel electrophoretic migration to be nearly identical for in vivo generated and cell-free translated snRNP proteins. A small change in C protein mobility has recently been observed in pulse-chase experiments in vivo (unpublished data). These results suggest that major post-translational processing events either do not occur or have occurred to completion in the wheat germ translation system.
Fractionation of RNA Encoding snRNP Proteins. To study the possibility that precursor-product relationships exist among the Sm-precipitated snRNP proteins, size fractionation of poly(A)+ RNA was carried out prior to in vitro translation. If any two of the snRNP proteins are encoded by the same mRNA, but differ by post-translational cleavage or processing, then their mRNAs should not be separable by size fractionation. K562 poly(A)+ RNA was fractionated on a 10-30% sucrose gradient, each fraction was translated, and the products were immunoprecipitated with Sm serum. Fig. 2 shows such a fractionation experiment in which the eight Sm-precipitable proteins were resolved into seven fractions. The mRNAs for proteins A-G appear to migrate separately in the sucrose gradient. It is noteworthy that the peak fractions of mRNA for proteins B and B' are in reverse order relative to the sizes of the two proteins. These data suggest that the eight snRNP proteins are translated from separate mRNAs. Furthermore, it was observed that the Sm serum was able to precipitate the eight labeled snRNP proteins in the absence of one another.
RNase Treatment of snRNPs. Fig. 1. prior to immunoprecipitation. Lanes 1 and 3 in Fig. 3A demonstrate typical results of immunoprecipitation using antigen labeled in vivo for 15 hr and precipitated with RNP and Sm sera, respectively. Bands A-G are all present in precipitates with both sera. RNase treatment of extracted cellular antigen prior to immunoprecipitation with RNP and Sm results in loss of band A (lanes 2 and 4). Examples of immunoprecipitation of snRNP antigens derived from cell-free translation are shown for Sm and RNP sera in the absence (Fig. 3B, lanes 1 and 3) or presence (lanes 2 and 4) of RNase treatment. In contrast to analysis of in vivo antigen, precipitation of products translated in vitro gives unique patterns for Sm and RNP sera. In all cases, however, precipitation of the A protein is strikingly affected by RNase treatment. A higher molecular weight protein not known to be associated with snRNPs precipitated preferentially with this RNP serum after RNase treatment (Fig. 3B, lane 4) .
In an attempt to recover nonantigenic, RNase-treated A protein, cell extracts labeled in vivo have been immunoprecipitated onto staphylococcal protein A-Sepharose beads, washed extensively, and subsequently treated with RNase. Fig. 3C shows RNase-treated material that remains bound to the staphylococcal protein A-Sepharose beads when precipitated with RNP or Sm (lanes 2 and 4). Loss of A protein occurred for both sera. When the supernatants of the RNase treatments are examined in adjacent lanes (lanes 1 and 3) , band A is seen to be essentially the only labeled protein present. In separate experiments it was observed that this band migrated in the exact position of A protein.
In Vitro Particle Assembly. From the data presented it was impossible to be certain whether the Sm sera used in these studies are recognizing each of the snRNP proteins independently or precipitating all eight by virtue of narrow specificity and coprecipitation of proteins assembled into particles. Even in the RNA fractionation experiment (Fig. 2 ) the possibility remained that each separate protein was associated with unlabeled proteins or snRNP particles present in the wheat germ extract system. To address this question, products of translation in vitro were subjected to sucrose gradient fractionation followed by immunoprecipitation with Sm serum. As shown in Fig. 4 , bands B-G are present in the first seven fractions, which represent sedimentation coefficients less than 2 S. Band C was seen to be present in the top two fractions upon longer exposure of the gel (data not shown). Mature snRNPs have been reported to migrate at approximately 7-11 S (4, 21-23) . The presence of these snRNP proteins in fractions of low S value suggests that the proteins are present as separate monomeric species, unassociated into complexes. On the basis of their immunoprecipitation in this form, it is apparent that Sm serum does contain antibodies capable of recognizing proteins B-G individually. The greater mobility of D relative to the other proteins is of some interest. It suggests either that D has associated with other protein or RNA species or that it has an unusual three-dimensional configuration accounting for its larger S value. Further examination of Fig. 4 also reveals the presence of snRNP proteins in fractions of approximately 7 and 11 S. Noticeably present only in these fractions is the A band, whose antibody recognition requires associated RNA. The presence of snRNP proteins in these fractions of 7 and 11 S suggests that limited particle assembly is occurring during or subsequent to translation in vitro. The results have demonstrated that all eight snRNP proteins previously defined by precipitation from [35S]methioninelabeled cells can be translated in vitro and recognized by SLE sera. NaDodSO4/polyacrylamide gel electrophoretic migration revealed no apparent differences in mobility of the snRNP proteins generated in vitro and in vivo (Fig. 1) , suggesting that major post-translational processing events either do not occur or have occurred to completion in the translation system. The possibility that post-translational processing in vitro has occuffed was examined by fractionating the RNA species encoding the snRNP proteins (Fig. 2) . The observation that the mRNAs encoding the eight proteins are separable discounts the possibility that any of these proteins are related as precursor-product. The data suggest that eight separate mRNAs encode snRNP proteins A-G. Furthermore, the relative RNA sizes correspond to the protein molecular weights (as judged by sucrose gradient migration). The only exception is the mRNA for protein B', which migrates as a slightly larger RNA than that encoding B. In light of the very similar sizes of proteins B and B' as well as the appearance of only one "B" band after immunoprecipitation of rodent snRNP's (4, 10), it is of significance that they are translated from separate messages and are not variants of the same primary translation product. The reports (10, 24) that a monoclonal antibody is capable of recognizing proteins B and D is of related interest. While the possibility that these proteins are related as precursor-product appears unlikely (Fig. 2) , the sharing of antigenic determinants suggests the possibility of some relationship among these proteins at the DNA or mRNA processing levels. Furthermore, shared determinants could suggest that a limited idiotype repertoire may be sufficient for recognition of the many snRNP proteins by autoimmune sera.
The immunorecognition of all eight snRNP proteins in the absence of the other labeled particle components (Fig. 2) (Fig. 3A ) (4, 10, 11) . Precipitation of all snRNP proteins by both sera using snRNPs labeled in vivo probably results from associated particle precipitation by RNP serum, although only two proteins are being immunologically recognized. Analysis of unassociated proteins allows for more accurate determination of individual protein reactivities. These studies have been extended in pulse-chase experiments, which revealed the same distinct patterns of Sm and RNP reactivities (unpublished data).
The varied quantities of A and C proteins precipitated by Sm and RNP sera are noteworthy. Numerous experiments (for example, Fig. 1 Recognition of only proteins A and C by RNP sera may be of further interest in light of the report (25) that there exist two classes of snRNP particles, whose protein constituents differ by the presence or absence of precisely these same two proteins. This restriction in RNP antibody recognition may underlie significant aspects of antigen presentation or generation of the RNP immune response. Additionally, the unique patterns of recognition may parallel clinical distinctions between mixed connective tissue disease (RNP) and SLE (Sm).
RNase treatment of antigen has been shown (Fig. 3) (Fig. 3) . These results are in agreement with the recent reports (11, 26) that U1 RNA increases antigenicity of A protein translated in vitro. It is uncertain, however, whether it is specifically U1 RNA that is responsible for the antigenicity of A protein seen in the RNA fractionation experiment reported here (Fig. 2) . Any U1 RNA present in fractions 6 and 7 would exist despite oligo(dT) affinity chromatography and sucrose gradient fractionation, which was seen to have resolved the RNAs encoding snRNP proteins. While the possibility that trace U1 RNA is present in these fractions cannot be ruled out, alternative explanations exist. A RNA species similar to U1 may be present in wheat germ translation extract and be responsible for antigenicity of A protein. If so, such a species may be revealing about comparative RNA binding specificity of A protein. The possibility also exists that an entirely different RNA species is binding to A in these fractions. These results contrast with the report (27) that proteins A and C both show RNase-sensitive antigenicity in Xenopus. The ability to generate electrophoretically pure native A protein (Fig. 3C) should facilitate further studies of its biochemical properties.
Finally, it is apparent that limited snRNP particle assembly is occurring during or after translation in vitro. The A protein clearly associates with a RNA species and is present in two highermobility forms as seen by sucrose gradient fractionation of translation products. One or both of these forms may reflect association in snRNP particles containing other proteins. The finding that snRNP proteins are present in approximately 7 and 11 S fractions is similar to previous observations (4, (20) (21) (22) 24) that there are two size classes of snRNP particles. Although particle assembly can occur in the cell-free translation system, most snRNP proteins exist in unassembled form (Fig. 4) , a fact that allowed the distinction between Sm and RNP recognition (Fig. 1) . Nevertheless, the ability to generate assembled snRNPs in vitro may provide a means for analysis of the protein-protein and protein-RNA interactions that undoubtedly underlie the biological functions of these nuclear complexes. Further pursuit of these questions should help increase understanding of snRNP structure and function.
